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ABSTRACT 
B E N J A ~ ~ I N S E N ,  1'. 1979. Pup  prociuction ancl sustainable yield of White Sea harp seals.FiskDir. 
Ski.. Srr.  Ila~'lJtzd(,rs. ,  16 :  551-359. 
l'up production from 1962 to 1965 was estinlated by a s~irvival index inetllod from a-ge 
composition of h'or.i\,egian samples of moulting l-iarp seals collected in the southeastern 
Barents Sea fi-on1 1964 to 1972. 
Pup prodtiction decreased fl-om 130 thousancl in 1962 to 98 thousand in 1965. From these 
estimates pi-oductiol-r Ivas prc?jectecl for.ivard to give an estimate of I72 thousa~~cl pups produ- 
- - 
ced in 1978, corresponding to a total stock of one year old and older harp seals of about 800 
thousand. Both the projection and the number of adult females in the whelping patches 
estimated fi-om Soviet aerial surveys give an annual increase of about 5% since 1968. The 
sustainable yield for 1978 is estinlated at 98 thousand pups and 8 tl-rousand one year and older 
animals. 
INTRODUCTION 
Populations of harp seals (Pagophilusgroenlandicus) breed in the spring at 
Ne~rfoundland-Labrador, in the Jan Mayen area of the Greenland Sea and 
in the White Sea. These populations are separate. The White Sea harp seal 
has an annual feeding migration into the Barents Sea and the Kara Sea and 
has been seen as far north as 79" in the eastern part of the Svalbard area in 
summer. 
The harp seal has been exploited by aborigines for centuries along the 
coasts of the White Sea and the southeastern Barents Sea. Norwegian sealers 
started hunting harps in the White Sea in 1867, the catch increasing slowly 
to 40 thousand by 1900 (IVERSEN 1927). At the beginning of the 20th century 
large Russian ships were introduced in the hunt while the number of 
Norwegian ships increased. The resulting increased catch reached a maxi- 
mum of 460 thousand in 1925 with a mean of 347 thousand per year in the 
period from 1923 to 1927 (YAKOVENKO 1967). After 1925 the catch decre- 
ased with a mean catch of 222 thousand seals taken per year in the period 
from 1933 to 1937. According to YAKOVENKO (1967) this drop could only be 
explained by a decrease in the size of the stock. Only small catches were 
taken during the Second World War, and after the war Soviet catches 
increasecl to 195 thousand by 1950 while Nor~iegian catches in the southe- 
astern Barents Sea were kept at a level between 10 and 35 thousand per year. 
After 1950 the stock declined rapidly, and a quota of 100 thousand harp 
seals for the Soviet catch was introduced in 1955, being gradually reduced to 
60 thousand in 1963. In 1965 a total quotaof 34 thousand was put into force, 
of which Soviet landsmen were allocated 20 thousand and Norwegian ships 
14 thousand seals. In  1977 the total quota was increased again to 50 
thousand, 34 thousand to Soviet and 16 thousand to Norway. Adult females 
have been protected in the whelping patches since 1963, and the Soviet 
catch of one year old and older seals was stopped in 1965. 
Data on age and sex composition of Norwegian catches of n~oulting harp 
seals in the sorttheastern Barents Sea have been collected siace 1963. Most of 
the age samples (sexed and dated) have been collected by observers from the 
Institute of Marine Research, some age samples without information on sex 
and date have been taken by sealers. 
T h e  purpose of this paper is to estimate pup production from Norwegi- 
an age samples of moulting seals and project the female population forward 
in order to calculate the present sustainable yield of the White Sea harp seal 
population. T h e  projection is compared to aerial photography estimates of 
the number of adult females in the whelping patches as presented to the 
Northeast Atlantic Seal Commission (Norwegia11-Soviet Seal Commission) 
by Soviet scientists. 
M A T E R I A L  A N D  M E T H O D S  
Catches of harp seals in the White Sea and the Barents Sea from 1958 to 
1977 are listed in Table 1. The  data are based on reports to the Seal 
Commision. The  Table shows that catches were substantially reduced, in 
particular the catches of one year old and older animals, after the introduc- 
tion of reduced quotas and other regulations in 1965. 
Age group frequencies of moulting harp seals from Norwegian samples 
in the Barents Sea from 1963 to 1976, which have all been reported to the 
Seal Commission, are shown in Table 2. 
Production estimates were obtained by a   survival index method. (SER- 
GEANT 1971, ~ R I T S L A N D  1971, BENJAMINSEN and ~ R I T S L A N D  1975). The  met- 
hod involves a regression of the abundancy of successive year classes on pup 
catches of the same year classes. The survival index is expressed as the ratio 
of the relative frequency of each year class in individual samples to the mean 
relative frequency of the corresponding age group in all samples. T o  calcu- 
late the mean survival index for each year class, each age sample is weighted 
in proportion to the square root of the number of animals in the sample. 
Table I .  (:atchesof'hai-l,sealsiri the M'hite Sea and the Bar-etitsSca f ~ - o ~ n  1 If58 to Ii)77.1)ataonSoviet 
catches are ii-om reports to thc I\'or\vegia~l Soviet SealingC:ori~n~ission. (I year -t iscaichesoi'orle year old 
anti older anirr~als). 
Soviet Total 
The  survival indexes were calculated for age groups 1 to 5 in the Norwegian 
samples of moulting seals collected in the Barents Sea from 1964 to 1972. 
Frequencies of age group 1 were calculated from the number of seals in the 
total samples while frequencies of age groups 2-5 were calculated from the 
number of two year and older seals in the samples. By linear regressions of 
survival indexes on pup catches, average estimates of production were 
obtained from the intercepts of the regression lines on the X-axis. Proclucti- 
on estimates for various mid-years were obtained by regressions of different 
year class intervals. 
An estimate of the total number of productively mature females was 
obtained by dividing pup production by pregnancy rate. Starting with the 
most up-to-date estimate, the number of productively mature females for 
the next year was calculated by substracting catch and natural mortality and 
then adding recruitment. Pup production was then calculated by multiply- 
ing by the pregnancy rate. In this way production was calculated for succes- 
sive years. Recruitment was calculated by starting with a production estima- 
te, substracting catch and natural mortality each year to productive maturi- 
ty. 
l'ahle 2. Age group frequencies of moulting harp seals in Norwegian samples collected in the Barenls Sea from 1963 to 1976. 
M = malc, F = fernale, U = not sexed. 
Total 1 171 365 133 73 356 248 263 458 505 570 527 652 496 477 49'7 400 
No attempt has been made to include any possible density dependent 
effect on age of sexual maturity, pregnancy rate o r  natural mortality. 
Sustaiilable yield of pups can be estimated from the basic assumpti011 
that constant production requires an equilibrium between recruitment and 
nlortality among productively mature females. For a stable population this 
may be expressed by the following equation: 
whereB is pup production, C is sustainable yield of pups,§ is survival rate, a 
is median age of first whelping andfis  fertility rate. A median age of first 
whelping of 5 years ( Y A K O V E N K O  and NAZARENKO 1967) was used in the 
calculations. No estimate of fertility rate or  natural mortality is available for 
the White Sea harp seal. Therefore a fertility rate of 0.90 ( @ K I T S L A N D  1971) 
and an annual natural mortality of 10% ( ~ / ~ E R C E R  1978) as found for New- 
foundland-Labrador harp seals, were applied. Age distribution of the catch 
of one year old and older seals is assumed synonynlous with the population 
structure as is an equal sex ratio. A 1: I sex ratio of pups is also assumed on 
the basis of unpublished Norwegian data. 
R E S U L T S  
Pup catches and survival indexes for the year classes from 1959 to 197 1 
are listed in Table 3 .  The  table shows that high pup catches before 1965 give 
survival indexes well below 1.00, and that the reduced pup catches from 
1965 to 1970 produce indexes higher than I .00. Weighted mean indexes 
were calculated for the year classes froin 1960 to 1969. These are plotted 
against the pup catches of their respective year classes in Fig. 1. T h e  inter- 
cept of the regression line on the X-axis gives an estimate of pup production 
in the mid-year 1964 of 103 thousand. 
Pup production estimates with their 95%# confidence interval for diffe- 
rent mid-years from 1962 to 1965 are listed in Table 4. T h e  estimates show 
that pup production decreased from 130 thousand in 1962 to 98 thousand 
in 1965, with corresponding lower confidence limits of 94 and 74 thousand 
PUPS. 
Estimated and projected pup productions from 1962 to 1978 are plotted 
in Fig. 2, showing that production increased from 98 thousand in 1965 to 
172 thousand in 1978. Included in Fig. 2 are the number of adult females in 
the whelping patches estimated from Soviet aerial survey data. The  two 
curves have the same shape, and both show a mean annual increase of about 
5% from 1968 to 1976. 
From a production estimate of 172 thousand, the sustainable yield in 
1978 is calculated at 98 thousand pups and 8 thousand one year and older 
seals. 
Table 3. Pup catches of the White Sea harp seal and the survival ofcorrcsponding year classes expressed 
by a survival index (frecluency in sample/average frequency). Below the yearof sampling is 
given the numberof specimens and the weight given to the sample in calculating the ~veightecl 
mean for I-.? year old seals. 
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Fig. I .  Total catches of harp seal pups in the White Sea and the Rarents Sea and the survival of 
the year classes 1960-1969 as inclicateci by ~veightecl mean sunlival illclexes from 
Nor-i\pegian samples of moulting seals collected in 19641972. 
PLIIJ 
catch 
x1Ow3 
Survival index 
1964 1965 1968 1970 1972 Weiglltcd 
368 206 867 963 1 097 meall 
1.3 1 .0 2.0 2.2 2.3 
Table 4. Pup production estimates in ihol~sandsof harp seals in the White Sea calculated from linear 
regressio~~ of survival i~ldex on pup catch (A). B = the 95% confidence intel-val of pup 
production. r = correlation coefficie~lt. 
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Fig. 2. Production of harp seal pups in the White Sea (closed circles) calculated u p  to 1965 by 
regression of survival indexes on pup catches. Production in 1966-1978 arecalculated 
from a projection of the females population. For comparison, the number of adult 
females on the ice estimated from the Soviet aerial surveys is shown (open circles and 
stippled line). 
Mid-year 
D I S C U S S I O N  
The age and sex composition in the moulting lairs changes through the 
season as adult females gradually join the males and immature females 
through April and early May. Therefore the element of older animals in the 
Norwegian catches varies much from year to year, and survival indexes were 
only calculated for age groups 1 to 5. 
r 
A B 
BENJAMINSEN and ORITSLAND (1975) showed that the moulting one year 
old harp seals of the Newfoundiand-Labrador population to a large extent 
were segregated from older immatures and therefore were not sampled in 
any consistent relation to their abundancy in the population. The one year 
olds therefore were not included in their calculations of survival indexes. 
The one year olds in the Barents Sea, however, seem to be well mixed in with 
the older seals in the moulting lairs. The correlation between the frequenci- 
es of one year old seals in the Norwegian samples of moulting seals in the 
Barents Sea from 1964 to 1972 and the pup catches of these year classes is 
strong (r = -0.93). 
The survival index method is only useful if pup production does not 
change too much during the period which is studied. The regression estima- 
tes also should be made only for periods with as high as possible variation in 
pup catches. In order to combine these two requirements it was decided to 
use only the age samples collected from 1964 to 1972 in the calculations. 
Survival indexes therefore could only be calculated for the year classes 1959 
to 1971. 
The pup production estimates obtained from survival indexes and the 
projection is about 50% higher than the number of adult females on the ice 
in the breeding layers estimated from aerial surveys. This difference may be 
explained by the fact that some females are always in the water. Popov 
(1967) writes that on clear and windless days 45-5576 of the adult females 
are on the ice in the day-time and 70-80% in the evening. 
The projection is very sensitive to the input parameters. Mean annual 
natural mortalities of 9% and 1 1 % instead of 10% would change the produc- 
tion estimate in 1378 from 172 thousand to 208 and 142 thousand respecti- 
vely. A median age of first whelping of 6 instead of 5 years produce an 
estimate of 141 thousand pups in 1978. 
A projection based on the lower limit of the 95% confidence interval 
indicates that production will increase from 74 thousand in 1965 to 91 
thousand in 1978. 
With the present total quota of 50 thousand, the White Sea harp seal 
stock will probably continue to increase at a rate of about 5% per year. The 
population is still small compared to the size at the beginning of the 20th 
century, and during the first decade the increase will probably not have any 
noticeable effect on natural mortality, age of sexual maturity or pregnancy 
rate. The abundance of fish in the Barents Sea, however, may have an effect 
on these vital parameters. 
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